INTRODUCTION
Human orienta on in space is expressed by the ability to perceive one's posi on in the physical world, including the distance at which objects are situated with respect to one another, and with regards to oneself, the direc on in which they are located and in which they move, as well as the size and shape of objects. The ability for spa al orientaon is determined by a large number of constant and temporary rela onships between the sensory modali es, as well as the channel and content of the percep ons, experience, knowledge, interests and psychological state at the moment of percepon.
The basis for spa al orienta on is orienta on with reference to the ver cal, coinciding with the eff ect of gravity. The gravita onal ver cal axis is the principal one in the system for detec ng the characteris cs of the surrounding space.
Spa al orienta on during fl ight diff ers considerably from orienta on on the ground. In the two-dimensional condi ons on the surface of the earth the leading signals are the ones produced by the ves bular analyzer, and supplemented by the other sensory modali es whereas in the three-dimensional space during fl ight the leading sensory analyzer is that of vision; informa on provided by it o en contradicts that coming from the ves bular system. The reasons for this phenomenon are objec ve. During fl ight a pilot is subjected to linear and angular accelera ons along the three axes of the aircra . The emergence of sensory percep ons when accelera ons are present, is determined by the dura on of the accelera on, as well as the strength and gradient of their increase. If the angular accelera ons, or the gradients of their increase are small, signifi cant changes in the spa al posi on of the aircra can occur without the emergence of adequate percep ons, which causes doubts in the readings of naviga onal instruments in the cockpit -which becomes the basis for a cogni ve confl ict between "I feel", and "I know". This confl ict o en results in the loss of spa al orienta on.
Alan Benson defi nes the concept of "spa al disorienta on in fl ight" as the loss of the pilot's correct sense of his own, and his aircra 's correct posi on, movement and al tude, with regards to the fi xed coordinate system of the Earth's surface and the gravita onal ver cal. In a broader sense, the term includes the loss of the correct sense of the posi on, movement and al tude of the pilot's own aircra with reference to the posi on, movement and al tude of other aircra [1] .
It was spa al disorienta on which was explicitly singled out by the inves ga on commi ee, as being the main factor that led to the crash of a Boeing 737 on 14.09.2008 near the city of Perm, resul ng in death of the 88 persons on board the aircra .
Pavel Kovalenko conducted a series of experiments on pilots in a leading airline company, which uses Boeing aircra [3, 6] . The s muli was an atude indicator (AI) with "direct" indica on for roll and pitch ("inside-out" -moving sky and earth and an unmoving aircra ), used to model the situa on, which led to the crash of the Boeing-737. The results show that 29 (78.4%) of the 37 tested pilots made mistakes in determining the direc on of the roll and pitch; on more than 100 occasions they became disoriented by the direct indica on displayed on AI.
It was also established, that during the last 20 years in the Russian civil avia on, spa al disorienta on had been the cause of 10 aircra crashes; more than 1000 lives had been lost, with material losses exceeding 1.5 billion USD. The situa on in the western countries, including the US, have been similar.
At the same me, there have been no reported aircra crashes caused by spa al disorienta on, involving aircra u lizing "reverse" indica on ("outside-in" -unmoving sky and earth, and moving aircra silhoue e, displaying roll).
During the discussion of the results from previously conducted research [7] , at a conference of the independent inves gators of air incidents to the Interna onal Avia on Commi ee (IAC), the opinion was expressed that the main reason for erroneous ac ons, when using a "direct" indica on, is the natural, gene cally determined, inherited human orienta on; according to this view humans are divided into two groups: egocentrics and geocentrics.
Egocentrics perceive themselves as the unmoving spa al orienta on center, and the Earth and space as moving; geocentrics perceive the Earth as a center, i.e. perceive it as unmoving and themselves as moving. As a result, it was suggested, that pilots should be selected among people having natural geocentric orienta on, since they would not make spa al orienta on mistakes, regardless of the type of indica on, unlike people with egocentric orienta on.
In search of an answer to the ques on raised, Pavel Kovalenko conducted research among two groups of people -professionals (pilots), and nonprofessionals (representa ves of other professions). Preliminary research [2, 5] , conducted by Pavel Kovalenko showed that during visual fl ight, 61% of the tested pilots used 1 SOM, 34% used 3 SOM, 3% used 2 SOM, and 2% used a combina on of 1 SOM and 2 SOM. The results seem to support the claim that there exist two basic groups of people: geocentrics (1 SOM), and egocentrics (3 SOM).
Research Method and Procedure
For the purposes of the research and in order to check the hypothesis, a graphical reconstrucve method was applied, based on the analysis of drawings and verbal answers [4] .
The s mulus material allowed to reconstruct the objec ve content of the pilots' ac vity, thus highligh ng those images of objects, which were used by the respondents during informa on processing, preceding and guiding the motor response (Fig. 1.) .
The respondents received a general instruc on: "Draw what you see through the windshield of the aircra 's cockpit, or on the indicator of the AI in the process of using it."
They drew pictures of the silhoue e on the windshield and the lines of the natural horizon and the AI during visual and instrumental fl ight, while performing right and le rolls, ranging from 10° to 130°. Drawings were produced on a "blank" background.
The instruc ons for this part of the test required to draw whatever could be seen through the cockpit windshield, using the symbols depic ng the windshield of the aircra cockpit and the horizon, superimposed on one another, during a 10° le roll and 30° right roll, etc. as well as to mark with the numbers 1 and 2 the symbols, according to the sequence of their depic on.
During the second part of the test, the rolls are depicted on the background of the symbols representing the windshield, the interior of the cockpit, or the line of the natural horizon. Such an approach provides an initial point for the spatial orientation system. Comparing the drawings with a "clear" background to those with a defi ned starting point provided the opportunity to determine the stability of the spatial orientation methods. After drawing each picture, the respondents numbered the sequence of the drawings. The graphical answers (drawings) were complemented by the answers to the questions of the inquiry.
The study was conducted under the conditions of real fl ight, onboard a An-28 laboratory-airplane, in the fl ight simulator of the Ka-32 helicopter, as well as in laboratory conditions. 300 civil aviation
METHODS

Research hypothesis
As in experimental condi ons the respondents show a tendency to change their spa al orienta on method, it can be accepted that the spa al orientaon of humans is not gene cally predetermined. Gene c factors represent the evolu onary inheritance of the individual. They are of key importance with regards to characteris cs such as intelligence, temperament, emo ons. The specifi cs of temperament, for example, are exhibited very early in life, and are diffi cult to change through training (experience plays a role, but their development takes place according to the inherited gene c code). The role of genes is to ensure a range of abili es, which then develop under the infl uence of the environment, but only within the limita ons of the gene c code.
The hypothesis is based on the results from preliminary research, which proved the existence of three methods of spa al orienta on, both during visual, and instrumental fl ight, when using a "direct" indica on AI. The three methods diff er mainly with regards to the choice of the unmoving image (aircra , the earth and the horizon, the pilot himself), which become the center of the system for registering the movement in space. The second element, which dis nguishes the three methods, is the choice of the moving component, which is perceived as controllable (the aircra , the earth and the horizon, the pilot himself).
The fi rst spa al orienta on method (1 SOM) perceives the Earth, and the line of the horizon as sta c, while moving the controllable objects during visual fl ight are the cockpit of the aircra (the contour on the windshield); during instrument fl ight, the moving object is the silhoue e of the aircra displayed by the AI. The operator perceives himself as being inside the controlled object and moving together with it.
The second spa al orienta on method (2 SOM) represents both the Earth (the line of the natural horizon), and the cockpit (the contour on the windshield) during visual fl ight, as well as the Earth and the silhoue e of the aircra during instrument fl ight, as moving with regards to one another. For example, during a le roll, the silhoue e rotates to the le , and the Earth rotates to the right. The operator is sta c.
With the third spa al orienta on method (3 SOM) the cockpit and the operator's own body are perceived as sta c, while the Earth is perceived as moving, i.e. the line of the horizon becomes a controllable object. (personal) qualities, in particular, will and motivation. However, even such people, are not able to mentally stop the "moving wall of the subway tunnel" and to perceive themselves as moving bodies in a moving carriage, with reference to the static wall.
In order to establish with certainty whether the two abovementioned methods of spatial orientation are indeed inherited, it is necessary to conduct numerous, lengthy, and expensive studies. That is why our research was limited within the validity framework. Undoubtedly, there are a lot of things in humans which are inherited, but in order for us to justifi ably emphasize them, instead of others, which are the result of socialization and personal experience, would require further research.
Since the Copernican scientifi c revolution it has been well-known to humanity that the Earth rotates around the Sun, however even astronauts often say that the Sun sets down under the horizon. In other words, if aviation has to rely on "natural geocentrics" it will be forced to become entirely unmanned.
It is necessary to point out, that the pilot training of people, who naturally use 1 SOM requires less eff ort, because of their more effi cient method of spatial orientation. The rest of the people need specialized training, aimed mainly at the forming and development of the ability to stabilize the perception of the surrounding space during fl ight.
Spatial orientation during fl ight requires complex mental activity of the operators, in order to constantly maintain mental picture of the position of the aircraft with reference to the surface of the Earth and other objects, whether they are in air or on the ground. This activity takes place simultaneously with the processes of piloting, navigation, communication, and controlling various systems. Orientation in space and time at any moment of the fl ight is a major component of fl ying skills and is in itself an intellectual challenge for the pilots.
CONCLUSION
It is unacceptable that fl ying, which is in itself a complex activity should be additionally complicated, since this might become the cause of accidents. Approximately one third of fatal air crashes are caused by spatial disorientation. Forecasts are not optimistic, since the advent of next generation of super-maneuverable aircraft, the existing problems will become even more acute. It is impossible to fi nd people who are insured against spatial disorientation. Therefore, eff orts should be focused, on one hand, on developing skills, and pilots and test-pilots (each with over 5000 fl ight hours), as well as 150 non-professionals were subjected to the test. Over 20 000 drawings were analyzed.
RESULTS
The analysis of the results of the test show that of the pilots using the 1 SOM during the fi rst part of the test (on a "clean" background), only 15.4% kept using the same method during the second part, when there was a symbolic depiction on the windshield of the cockpit, provided as an starting point. During the second part of the test, the remaining 84.6% of the pilots used the 3 SOM. As regards the non-professional group, 18.2% of participants kept using 1 SOM; the remaining 81.8% switched to using 3 SOM.
Analyzing the test times of pilots by using the 1 SOM initially, and then switching to the 3 SOM shows, that they needed approximately the same amount of time to adapt to the new spatial orientation system, as did the pilots using only 3 SOM, however, the former ones made more mistakes.
If during the second part of the test the imposed starting point was the depiction of the frontal part of the cockpit, 98.2% of the pilots switched from using 1 SOM to using 3 SOM. The diffi culties in this case were expressed in the longer times needed for completing the test and the increased number of mistakes.
When the starting point was the depiction of the line of the horizon, both the pilots, and the non-professionals taking part in the test, who used the 3 SOM during the fi rst part of the test, chose the 1 SOM during the second part, 75.8% of the pilots and 86.2% of the non-professionals, respectively.
Geocentrics, who were not willing to change their 1 SOM, irrespective of the changing conditions of the test, represented an insignifi cant percentage of the total number of participants. The rest of the respondents demonstrated fl exibility, as regards the choice of the method of spatial orientation, which confi rmed the research hypothesis: there are no reasons to assume that either the egocentric, or geocentric spatial orientation methods are genetically predetermined.
Judging by the results from the study, there is also no reason to strictly separate people into egocentrics and geocentrics. The research data from those using only 1 SOM shows that this is a skill developed by suppressing the eff ects of the moving space, when the individual himself is moving and is related to the professionally important 
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